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的纳米颗粒；当搅拌转速不充分时，合成的 AgNPs 易出现团聚现象，粒径分布很宽。 
    第三，建立了模拟微反应器中植物生物质还原制备贵金属纳米颗粒的颗粒粒群衡
算与计算流体力学耦合模型（PBM-CFD），并引入了适合描述植物生物质还原制备







 最后，设计开发了适合植物生物质还原制备 Au-Ag 合金纳米颗粒的连续操作的微
反应器，利用 CFD 模拟技术分析了四通混合器内的流场分布及混合情况，证实了该四
通反应器具有极高的混合效率。在该微反应器中使用侧柏叶水提液一步法同时还原
HAuCl4 和 AgNO3 前驱体混合物，连续制备得到了 Au-Ag 双金属纳米颗粒，STEM-EDX
元素分析等表征技术证实了其合金结构。继而考察了反应液流速，反应温度，侧柏叶水
提液浓度，反应液 pH 值等合成条件的影响，结果表明：低的反应液流速，较高的反应





















Noble metal nanoparticles have exhibited potential application in many fields. However, 
production of noble metal nanoparticles is mostly conducted in the batch tank reactor. Today, 
batch manufacture of nanoparticles using wet-chemical process in laboratory scale has 
achieved much success. However, with the increase of reactor dimension, heat and mass 
transfer in the reactor become a tough point we have to face. Continuous-flow synthesis has 
some significant advantages such as superior control, steady quality of product and easy to 
realize industriali enlargement. Therefore, continuous-flow (especially in microreactors) 
synthesis of noble metal nanoparticles has received more and more attention. However, the 
existing studies focused on macroscopical effects of process conditions, and didn’t make it 
clear that how the heat and mass transfer as well as the interfacial effect produce influence on 
the nanoparticles formation and what the mechanism is, especially what the influence of the 
interfacial effect on the nanoparticles formation and how it aroused. Along with the increasing 
concern on environment, the green synthesis has become the hot topic of the reseanch. Herein, 
biosynthesis of AgNPs in microreactors and continuous stirred tank were studied, focusing on 
the effect of technical parameters and reactor parameters on the size distribution of AgNPs. 
Computational fluid dynamics (CFD) was utilized to explore the mechanism. The main 
contents are as follows: 
Firstly, microreactors were designed to biosynthesis of AgNPs continuously, focusing on 
the effect of technical parameters (volumetric flow rate, the concentration of C. Platycladi 
extract, inlet mixing pattern) and reactor parameters (reactor materials and inner diameter) on 
the size distribution of AgNPs. Computational fluid dynamics (CFD) was utilized to simulate 
the profile evolution of velocity, biomass concentration and temperature in the microreactors. 
Results of CFD simulation confirmed that microchannels possessed some unique flow 
characteristics and excellent mixing performance. It was found that the interfacial effect 
increases the average size (arising from the effect of the wall) and widens the size distribution 
(arising from the disparity of nucleation rate between bulk solution and wall surface) of the 
final product. The average size of AgNPs increased and then decreased with increasing 
volumetric flow rate. And the AgNPs with smaller size and narrower distribution were 
promoted at lower concentrationof C. Platycladi extract. In addition, T-type junctions had 
















intense interfacial interactions (coarser surface and larger friction coefficient) with bulk 
solutions could yield AgNPs with larger average size and wider size distribution. In addition, 
smaller inner diameter microreactors with higher surface-to-volume ratio led to AgNPs with 
larger average size. However, variation of size distribution was determined by the decreasing 
extent of the inner diameter. 
Secondly, biosynthesis of silver nanoparticles (AgNPs) in a continuous stirred tank with 
C. Platycladi extract serving as both reducing and capping agents was investigated, which for 
the first time provided a successful green protocol for synthesis of AgNPs continuously in a 
stirred tank. Residence time distributions (RTD) of the tank for both liquid and the AgNPs 
were measured experimentally to evaluate performance of the tank. In addition, the flow 
behaviors in the tank varied with rotor speed and the RTD at the sufficient rotor speed (360 
rpm) were simulated by computational fluid dynamics (CFD) tool to analyze the performance. 
The results show that the mean and variance of the RTD deviate from ideal values at low 
rotor speed, indicating that rotor speed is a crucial factor for the continuous stirred tank. In 
addition, the liquid RTD was very close to the granular RTD and the prediction RTD by CFD 
was similar to that measured experimentally. Finally, AgNPs with different size distribution 
were successfully synthesized in the tank by regulating technical parameters such as feeding 
flow rates of the reaction solutions, the concentration of C. Platycladi extract, reactive 
temperature and rotor speed. The results show that for single stage continuously stirred tank 
reactor, quite slow feeding flow rate, high concentration of the C. Platycladi extract and 
reaction temperature are beneficial for growth, but they are detrimental to obtaining AgNPs 
with narrow size distribution. Futhermore, the AgNPs agglutinate easily and the distribution 
becomes wider due to the poor mixing condition under lower rotor speed. 
Thirdly, reactive kinetics coupled with population balance model (PBM) and 
computational fluid dynamics (CFD) was implemented to simulate silver nanoparticles 
(AgNPs) formation in a microtubular reactor. The quadrature method of moments, multiphase 
model theory, and kinetic theory of granular flow were employed to solve the model and 
particle size distributions (PSD) were calculated. The simulative results were validated by 
synthesizing AgNPs experimentally in an actual microtubular reactor for comparison of the 
PSD. The result confirms the effectiveness of the model and its applicability in predicting 
AgNPs formation and its PSD evolution in the microtubular system. Finally, benefitting from 
its superiority that the influence of reactive kinetics and fluid dynamics on particle evolution 
could be considered separately, the model was employed to verify predictions and inferred 
















Fourthly, microfluidic biosynthesis of Au–Ag bimetallic nanoparticle in a tubular 
microreactor based on simultaneously reduction of HAuCl4 and AgNO3 precursors in the 
presence of C. Platycladi extract was studied. The flow velocity profile was numerically 
analysed with computational fluid dynamics (CFD) and the result confirms that the mixing. 
Then, Au–Ag bimetallic NPs were synthesized and the effect of volumetric flow rate, reactive 
temperature, concentration of C. Platycladi extract and concentration of NaOH on the 
property of Au–Ag bimetallic nanoparticle were investigated. The results show that Au–Ag 
bimetallic NPs could be synthesized more easily at lower volumetric flow rate, higher reactive 
temperature, higher concentration of C. Platycladi extract and NaOH. The variation of 
volumetric flow rate, reactive temperature, concentration of C. Platycladi extract and 
concentration of NaOH can influence both the molar ratios of the two elements in Au–Ag 
bimetallic NPs and the particle size distribution. 
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